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0 Device for measuring vibration of a rotating blade. 
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@ A device for use in nneasuhng the vibration of a 
rotating blade of a gas turbine of like nnachine com- 
prises a probe (4) including an outer casing (11) 
accommodated in a iiglit-projecting optical fibre (6), 
a light-receiving optical fibre (7), a quartz glass lens 
(8) at the outlet end of the light-projecting fibre (7) 
and a protective glass (10) of quartz glass at the tip 
(5) of the probe (4). Coolant channels (12,13,14) 
extend through the outer casing. In use, the probe is 
installed on a gas turbine having a casing (3) in 
which an air channel (15) is defined. The tip (5) of 
the probe (4) is directed towards .the blades (1) of 
the gas turbine and is situated in the flow of air 
through the air channel (1 5). 
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The present invention relates to a device for 
nfieasuring the vibration of rotating blades and is 
particularly concerned with such a device for use 
with a blade of a gas turbine or like machine whose 
blades become very hot in operation. 5 

Hitherto, the vibrations of a rotating blade of a 
turbine or the like during its operation have been 
measured by the attachment of a strain gauge to 
the blade itself. The electric signals produced by 
the strain gauge are transmitted to a stationary 10 
portion of the device by transmission means such 
as a slip ring, a rotary transformer or a microtrans- 
mitter and the signals are then displayed or re- 
corded. 

Strain gauges, however, have an upper limit of 75 
their operating temperature of approximately 
800°C, so that they cannot be used for measuring 
vibrations of a rotating blade of a gas turbine or the 
like whose temperature may reach a level as high 
as 1 .300°. " 20 

Even in a steam turbine or the like where a 
strain gauge can be used because of the fact that 
the turbine temperature is below the upper limit of 
its operating temperature, installation of the signal 
transmitting means requires considerable recon- 25 
struction of stationary and rotating portions of the 
turbine and the attachment of the strain gauge to 
the blade will cause changes in its aerodynamic 
and vibration characteristics, resulting In difficulties 
in the accurate measurement of the inherent vibra- 30 
tion characteristics of the rotating blade itself. 

It is the object of the present invention to 
overcome the above disadvantages and to provide 
an improved device for measuring the vibration of a 
rotating blade which does not use a strain gauge 35 
attached to the rotating blade and is capable of 
measuring the vibrations of a rotating blade operat- 
ing at a high temperature without causing any 
change in the vibration characteristics of the blade. 

According to the present Invention a device for 4o 
use in measuring the vibration of a rotating blade of 
a gas turbine or like machine is characterised by a 
probe including an outer casing accommodating a 
light-projecting optical fibre, a light-receiving optical 
fibre, a quartz glass lens at the outlet end of the 45 
light-projecting fibre and a protective glass of 
quartz glass at the tip of the probe, coolant chan- 
nels extending through the outer casing. Thus the 
device in accordance with the present invention 
permits a light beam, preferably a laser beam, to so 
be projected from the end of the light-projecting 
optical fibre onto the tips of the turbine blades and 
this beam is reflected back into the light-receiving 
optical fibre and the pulsating beam may then be 
analysed to determine the degree or nature of the 55 
oscillation being performed by the blades. The 
optical fibres are protected from damage by the 
quartz glass and the probe is maintained at an 
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acceptable temperature by circulating coolant 
through the cooling channels. ^ 

It is preferred that the light-projecting and light- 
receiving optical fibres are coaxially disposed. 

The present invention also embraces a gas 
turbine or like machine including such a device and 
in this event it is preferred that the gas turbine has 
a casing in which an air channel is defined, the tip 
of the probe being directed towards the blades of 
the gas turbine and being situated in the flow of air 
through the air channel. It is preferred that there is 
a hole in the inner surface of the air channel 
through which the light beam projected from the 
light-projecting optical fibre may pass onto the tur- 
bine blades and through which air flows from the 
air passage into the interior of the turbine whereby 
the tip of the probe is inherently surrounded by a 
cooling air flow. 

Further features and details of the invention will 
be apparent from the following description of one 
specific embodiment which is given by way of 
example only with reference to the accompanying 
drawings, in which:- 

Figure 1 Is an enlarged vertical sectional view of 
measuring device in the form of a probe in 
accordance with the present invention; 
Figure 2 Is a diagrammatic vertical side sec- 
tional view of a gas turbine to which the probe 
of Figure 1 is attached; 

Figure 3 is a sectional view on the line Ill-Ill In 
Figure 1 ; 

Figure 4 is a sectional view on the line IV-IV in 
Figure 1 ; and 

Figure 5 is a diagrammatic perspective view 
illustrating the overall construction of measuring 
apparatus including the measuring device of 
Figure 1. 

The gas turbine illustrated in Figure 2 includes 
a blades 1, which rotate, in use, and a stationary 
nozzle 2. The turbine casing 3 is provided with 
probes 4 which will be described below and have a 
respective tip end 5 directed toward the tips of the 
rotating blades 1 . 

As shown in Figures 1 and 3, each probe 4 
comprises a central light-projecting optical fibre 6 
and a fight-receiving optical fibre 7 concentrically 
surrounding It. The optical fibre 6 has a small- 
diameter lens 8 made of quartz glass mounted at 
its outlet end. A large-diameter lens 9 made of 
quartz glass is mounted at some distance in front 
of the lens 8 and installed at a point in front of the 
lens 9, i.e. still further in front of the lens 8, is a 
protective plate or block 10 made of quartz glass. 
The optical fibres 6 and 7, the lenses 8 and 9 and 
the protective glass 10 are accommodated in an 
outer casing 11. 

Coolant channels 12 and 13 extend through the 
casing 1 1 , alternating in the peripheral direction as 
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shown in Figure 3, and are connected in pairs at 
their tips by respective connecting channels 14 
(see Figures 1 and 4), so that the coolant supplied 
through one coolant channel 12 is passed through 
the associated channel 14 and is fed back in reflux 5 
through the other coolant channel 13, thus cooling 
the probe 4. 

As shown in Figure 2, an air channel 15 ex- 
tends through the casing 3 of the gas turbine. The 
gas turbine Is provided with a compressor for pro- io 
ducing compressed air for the combustion of fuel 
and part of the compressed air produced in this 
compressor is supplied through the air channel 15 
and cools the casing 3. Part of the compressed air 
is passed through a hole 16 and is blown around 75 
the tip 5 of the probe 4 where it cools the probe 4 • 
and prevents the protective glass 10 from being 
stained. Then, it is led through a hole 17 into the 
interior 24 of the gas turbine. 

The probes 4 are installed at a plurality of 20 
locations on the outer surface of the casing 3 of the 
gas turbine as shown in Figure 5. Each probe 4 Is 
connected to a laser beam generator and lens 
system 19 through an optical fibre unit 18 compris- 
ing the concentrically arranged light-projecting and 25 
light-receiving optical fibres 6 and 7 (see Figures 1 
and 3). The laser lens system 19 is powered by a 
power source 23 and Is connected to the light- 
projecting fibre 6. The light-receiving fibre 7 is 
connected to a photoelectric transducer 20 which 30 
in turn is connected through a cable 21 to an 
analyser 22. 

A laser beam produced by the laser lens sys- 
tem 19 is passed through the light-projecting op- 
tical fibre 6 in the probe 4, the lenses 8 and 9 and 35 
the protective glass 10 (see Figure 1). Then, it 
passes from the tip 5 of the probe 4 through the 
hole 17, as shown in Figure 2, onto the tips of the 
rotating blades 1. on which it is focused by the 
lenses 8 and 9. The laser beam is reflected from 40 
the tips of the rotating blades and is returned 
through the hole 17. the protective glass 10 and 
the lens 9 which directs the beam parallel to the 
optical axis into the light-receiving optical fibre 7, 
so that the laser beam reaches the photoelectric 45 
transducer 20, as shown in Figure 5. where it Is 
converted into pulsing electrical signals which are 
fed to the analyser 22. When any of the rotating 
blades 1 is vibrating, a minute deviation will occur 
In the timing of the reflected pulsing laser beam so 
due to deformation at the tip of the rotating blade 
1. The nature and degree of the vibrations of the 
rotating blade can be measured by analysing this 
deviation. 

In the measuring operation, the compressed air 55 
in the air channel 15 is blown through the hole 16 
around the tip 5 of the probe 4 and through hole 17 
into the inside 24 of the gas turbine to cool the tip 



5 which is also cooled by the coolant flowing in 
reflux through the coolant channels 12 and 13. The 
compressed air also serves to prevent the protec- 
tive glass 10 at the tip 5 of the prot)e 4 from being 
discoloured. 

Thus, by using the device according to the 
present invention, vibrations of a rotating blade can 
be measured without using a strain gauge on the 
blade whereby no change in the vibration char- 
acteristics of the blade is caused by the measure- 
ment. A simple conversion operation involving 
merely mounting probes on the casing of the gas 
turbine is all that is required. 

The present invention results in the probes 
being protected from damage which would other- 
wise be caused due to high temperature, by means 
of the lenses and protective glass which are made 
of highly heat-resistant quartz glass and by means 
of liquid-cooling by coolant flowing through the 
coolant channels and air-cooling by the com- 
pressed air blown through the air channel into the 
inside of the gas turbine, thereby enabling mea- 
surement of the level of vibrations of the rotating 
blades in the higher temperature region of the 
turbine. 

Claims 

1. A device for use in measuring the vibration of 
a rotating blade of a gas turbine or like ma- 
chine characterised by a probe (4) including an 
outer casing (11) accommodating a light-pro- 
jecting optical fibre (6), a light-receiving optical 
fibre (7), a quartz glass lens (8) at the outlet 
end of the light-projecting fibre (6) and a pro- 
tective glass (10) of quartz glass at the tip (5) 
of the probe (4), coolant channels (12,13,14) 
extending through the outer casing (11). 

2. A device as claimed in claim 1, characterised 
in that the light-projecting and light-receiving 
optical fibres (6,7) are coaxially disposed. 

3. A device as claimed in claim 1 or claim 2 

characterised in that it is installed on a gas 
turbine or like machine having a casing (3) in 
which an air channel (15) is defined, the tip (5) 
of the probe (4) being directed towards the 
blades (1) of the gas turbine or like machine 
and being situated in the flow of air through 
the air channel (15). 

4. Apparatus for measuring the vibration of a ro- 
tating blade of a gas turbine or like machine 
characterised by a device as claimed in any 
one of claims 1 to 3, a laser beam generator 
(19) anranged to direct a laser beam along the 
light-transmitting optical fibre (6). a photoelec- 
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trie transducer (20) arranged to receive the 
laser beam reflected from a rotating blade (1) 
Into the light-receiving optical fibre (7) and an 
analyser (22) arranged to analyse the signals 
produced by the transducer and to produce an s 
output indicative of the vibration of the rotating 
blade (1). 
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